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ABSTRACT

This report describes the results of chamber tests of new
carbon clothing. Three types of carbon clothing were studied: coated,
impregnated and carbon-rayon.

che modification each of the coated and impregnated types

gave protection comparable to that given by CC-2 impregnated clothing
in similar tests. Several modifications of the carbon-rayon type gave
protection superior to that given by 00-2 impregnated clothing in
similar tests.

The protection given by carbon clothing against HN-1 vapor was
of the same order as that given against H vapor. CC-2 clothing gives

very poor protection Tainst HN-1 vapor.
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INTRODUCTION

A. Authorization

1, This work was authorized under Project 547/4l, •11airLenance,
Bureau of Ships", dated 16 December 19h0. The problems which were pro-
posed for study were given in Bureau of Ships letter S-S77-2(Dz), Serial
811, of 17 December 1940.

B. Statement of Problem

2. This investigation was undertaken as a continuation of the eval-
uation of the protection against vesicant vapors afforded by new clothing
containing activated carbon.

C. Knoym Facts Bearing on the Problem and Theoretical Considerations

3. Carbon cloth may be divided into three types, depending on the
method used for incorporating the carbon in the fabric. These are the
coated, impregnated and synthetic fiber types. The coated type is rela-
tively easy to manufacture but can only be made in piece goods. Some
difficulty has been experienced in sewing this type of cloth because of the
hard abrasive layer of carbon. The cloth also tends to "crock", thereby
losing its protective value through loss of carbon. The impregnated type
is also relatively easy to manufacture, since cloth or garments can be
impregnated by methods similar to those used at present for CC-2 impregna-
tions. The synthetic fiber type, in which the carbon is incorporated
directly in the fiber, is the most difficult to manufacture and therefore
is the most expensive. Also, volume production of this type is more limited
due to the more specialized equipment required. However, in some respects
it is preferable to the other types since the material does not 11crock",
a high percentage of carbon can be incorporated in the cloth and still give
a cloth with a good 11hand" and appearance, greater uniformity of carbon
content can be obtained and the carbon is not readily removed by laundering.
Zarly difficulties in the preparation of carbon cloths duo to poisoning of
the carbon during manufacture of the cloth or fiber, as well as many other
technical difficulties, have been largely overcome through the studies of
NDRC investigators.

4. Two modifications of the coated type were studied in this investi-
gation, the August 1943 Model and S-38. Four modifications of the impregna-
ted type were studied, R & H (Rhoplex), casein, improved casein and mothocel.
NRL Report No. P-2322, "Evaluation of Activated Carbon As An Anti-Vesicant
Agent in Protective Clothing", describes the composition of some of these
cloths, Seven modifications of the synthetic fiber type were studied. Most
of these are described in NRL Report No. P-2655, IlEvaluation of Carbon-Rayon
Protective Fabrics".

D. Previous Work Done at This Laboratory

5. This report is the fourteenth of a series on "Chamber Tests with
Human Subjects"I in which the results obtained in the evaluation of various
protective equipment against the vesicant effects of persistent chemical
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warfare agents are reported. The fourth, fifth and thirteenth reports of
the scries, NRL Reports Nos. P-2239, P-.2464, and P-2604 describe earlier
work on carbon clothing. NRL Report No. P-2510, "Methods for the Deter-
mination of the Vesicant Agent Content of Contaminated Carbon Clothing",
gives the procedures employed for analysis of the vesicant agent content
of the clothing described in this report. NRL Report No. P-2570, 'tThe
Persistence of H and HN on Carbon Clothing"t, gives data on the persistence
of agents on carbon cloth under various conditions of storage. NIRL Re-
ports Nos. P-2322 and P-2655, mentioned above, present additional studies
on carbon clothing including summarized chamber data.

F•XPERIMIENTAL

A. Procedure

6. The chamber used in these tests and its operation are described
in NRL Report No. P-2208. The method used for testing carbon clothing was
similar to that used for CC-2 impregnated clothing, described in earlier
reports of this series, with the difference that the carbon clothing was
worn continuously during the tosts whereas the CC-2 impregnated clothing
was not.

7, The chamber tests were conducted as follows: The subjects, al-
ways dressed in the same suits and accessories, were given successive daily
exposures to the vesicant vapor in the chamber at 90 0F, 65Z R.H. and 2-2.5
m.p.h. Yrind velocity. In tests vrith H, exposures were generally at a CT
of 1200 (20yH/1. for 60 min.) and in a few tests, at a CT of 2h00 (hOyvil.
for 60 min.). In the test with 11N-1 the exposures were at a CT of 2000
(33.3 yHN-1/1 for 60 min.). The carbon clothing was worn continuously
during a test except for readings. The men wore examined and road by the
Modical Officer before each exposure, and each subject was withdravm from
the test when he had incurred a reading of E (intense crythema) or greater
on any part of the body. The successive daily exposures were continued
until all the men had "broken" or were withdrawn by the Medical Officer
for other reasons. The average number of exposures tolerated waIs used as
the criterion of protection afforded during a particular test.

8. Each man exposed to H vapor in the chamber was equipped with the
follon-Ing:

(a) Navy diaphragm mask, Nark IV (vrith CC-2 impregnated sleeves
on the hose connecting tubes).

(b) Carbon cloth suits.
(c) Two pairs of CC-2 impregnated socks.
(d) One pair of CC-2 impregnated wool elbow length gloves.
(c) CC-2 impregnated shorts for 1-1/2 layer tests, plain shorts

for 1 layer tests.
(f) Plain undershirts (skivvles).
(g) Overshoes (Arctics).
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In some of the early tests, 3-330 Protective Ointment was applied to the

face and neck. This was discontinued orhen it was found (see NRL Report
No. P-2604) that the use of ointment decreased the protection given by
carbon clothing. In several cases a special CC-2 impregnated or carbon
cloth collar was worn around the neck after a man sustained an intense
erythema of the neck so that he could continue the test without further
damage to this area. This was done since a neck burn was not considered
a legitimate suit "break" when ointment was used in the test.

9. In the tests with HN-1, the CC-2 impregnated shorts, gloves and
socks were replaced with carbon cloth shorts, mittens and socks, rospec-
tively.

10. In the test of carbon-rayon #166, sufficient cloth was not avail-
able to make the number of suits necessary for a standard test. The pur-
pose of this test was primarily to obtain a comparison with carbon-rayoh

#176. Therefore, since most of the "breaks" with carbon clothing occur on
the shoulders and upper back, a section about one foot square was cut out
of carbon rayon #176 suits in the area of one shoulder and the upper back
and replaced by a carbon-rayon #166 patch. The other shoulder thus served
as a control.

11. In order to test the effect of desorption of vesicant from the
cloth at the time of a "break"t in two of the tests the suits were put on
and worn continuously by new unexposed men imaediately after the suits
"brokeol. These men wore the clothes under normal room conditions and were
not given additional exposures. These desorption bests were continued until
the new men "broke" or until it was considered that desorption was not pro-
nounced.

12. Samples were taken from the suits from time to time during the
course of most of the tests and analyzed for vesicant agent Upick-up"l by
methods described in NRL Report No. P-2510. The samples were usually cut
with a 1 cm. 2 die from the pockets of the jumpers.

B. Results and Discussion of Results

13. All but one of the tests of carbon clothing in the large chamber
were with H vapor. The data for these tests are presented below according
be the type of clothing used. The one test with HN-1 was carried out using
carbon-rayon #110 and is described after the tests with H.

(1) Carbon-Coated Cloth

1Ih. Tests of two modifications of carbon-coated cloth were carried out.
The tests of Aug. Model clothing were reported in NRL Report No. P-2239.
The test using S-38 clothing was carried out as a standard "man-break" test,
and samples from the pockets of each suit were removed for analysis by both
the DB-3 and NaOCl methods. The data obtained in these tests are presented
in Tables I and II. More complete data on the S-38 test are presented in
Tables XII and XXVII in the Appendix.
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Table I

Carbon-Coated Cloth - Physiological Data

Conditions: H at CT 1200 (60 min.); 90 'F, 65% R.H.

Cloth Type of No. of No. of Av. No. of Exp. Av. Total CT
1:7odification Test Men "Breaks" Tolerated Tolerated

Aug. Model 1 layer 4 2 3.0+ 3600+

S-38 1-1/2 " 7 7 6.0 7200

Table II

Carbon-Coated Cloth - Analytical Data

Total "Pick-up" in y H/cm. 2 - NaOCI Method.

Cloth Exposure Number
Modification T7 3 4 5 6

Aug. Model 26 30 32 50 58 -
S-38 (4)* 17 (4)* 37 44 46

* DB-3 Method.

15. The data in Table I show that the S-38 clothing was superior to
the Aug. Model in the protection it afforded. The value of 6.0 exposures
is comparable to the average value of 6.1+ exposures tolerated for CC-2
impregnated clothing. (See NRL Report No. P-2602). The S-38 suits have
tha disadvantage of being quite stiff and do not soften readily on wear.

16. Assuming a linear relationship between H "pick-up" and number of
exposures, a plot of the data in Table II indicates that the Aug. Model
suits picked up 12-1.5 yH/cm. 2/exp., and the S-38 suits picked up 8.5y
R/cm. 2/oxp. No explanation is available for the low values obtained by

the D13-3 method.

(2) Carbon Impregnated Cloth.

17. Three tests of two binder modifications of carbon impregnated
cloth were carried out. They were the casoin, improved casein and meth-
ocol systems. All tests were carried out as standard 1-1/2 layer "'man-

break" tests at CT 1200. Samples from the pockets of all the suits in the
casein and methocol tests were analyzed for H "pick-up" by the NaOC1 method.
The results of these tests are summarized in Tables III and IV. More com-
plete data are given in Tables XIII through XV and XXVII in the Appendix.
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Table III

Carbon Impregnated Cloth - Physiological Data

Conditions: H at CT 1200 (60 min.); 90°F, 65% R.H.

Cloth Type of No. of No. of Av. No. of Exp. Av. Total CT
Modification Test Men Broaks Tolerated Tolerated

Casein 1-1/2 layer 7 6 '.1+ 8520+
Improved 1-1/2 ' 8 8 2.0 2400
Casoin

Pethocel 1-1/2 " 7 6 3.7+ 4440

Table IV

Carbon Impregnated Cloth - Analytical Data

Average Total "Pick-up" ii y /c/m. 2 - NaOCI l,,ethod.

Cloth Exposure Number
Hodification 1 2 3 .... 6 7

Casein 28 - 49 - 83 - 86
Mothocol 5 22 40 49 - - -

18. The data in Table III show that the casoin-carbon impregnated
cloth gave protection which compares very favorably with thu combined
average of 6.1+ exposures for CC-2 impregnated cloth (251 binder). How-
ever, the cloth was very stiff and did not soften readily on wearing. In
an attempt to overcome this difficulty, the improved casein formulation was
uscd giving suits with a much better "hand", but, as can be soon from
Table III, giving much lower protection. Although analytical data is not
available, visual inspection showed that the improved cascin suits had a
much lower carbon content than the older ceasein suits. Undoubtedly this
is the reason the protcection "as so much poorer. The mothocol suits gave
less protection than that given by CC-2 impregnated suits for this typo
of test.

19. Assuming a linear relationship between H It pick-up" and number of
exposures, a plot of the data in Table IV indicates that the cascin suits
"picked-up" 16 Y H/cm. 2/exp. and the mothocel suits 12 y Ij/cm. 2/ exp.

(3) Carbon-Rayon Cloth

20. A number of modifications of carbon-rayon cloth have boon tested.
Host of the tests wore conducted as 1-1/2 layer "man-break" tests. In view

of the difficulty of keeping men in a long test of this nature, some of the
tests wore carried out at a CT of 2400 (60 min.) per exposure instead of
the usual 1200. Thotest with carbon-rayon Y1166 was a shoulder patch test
as described in the Procedure. One of the pockets in the carbon-rayon
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#176 suits used in this test was replaced by carbon-raydn #166 cloth so that
samples for analysis might be removed from them during the course of the
test. Samples from the other pocket (,176) were also removed for analysis.

In tho tests of Costa rayon and the first test of carbon-rayon #110, samples
for analysis were taken from 6 different areas of the suits after the suits
were removed from the test. In all other cases samples were taken from the
pockets of all or nearly all the suits in a test. Both the ?;aOCl and DB-3
methods were used. The physiological results are summarized in Tables V
and Vi. More complete data are given in Tables XVI through XXV and XXVII
in the Appendix. The analytical results are summarized in Tables VII and
VIII.

Table V

Carbon-Rayon Cloth - Physiological Data

Conditions: CT 1200 or 2400 (60 rimn.); 901F, 65% R.H.

Cloth Type if CT of No. of No. of Av. No. of Exp. Av. Total
Modification Test &xp. oJon IBreaks" Tolerated CT Tol,

Costa 1 la er 12OO 4 4 6.o 7200
Costa 1-1/2 it 1200 4 3 6.5+ 7800+
l1O 1-1/2 11 1200 6 6 5.3 6360
148 1-1/2 It 1200 4 2 10.5+ 12600+
176 1-1/2 " 2400 8 7 4.5+ 10800
191 1-1/2 'I 2400 7 7 4.4 10560
193 1-1/2 1 2400 8 ' 4.9+ 11760+
166 Shoulder Patch 21400 4 3 2.0+ 4800+

21o The data in Table V show thaut carbon-rayon ,/348, 176, 191 and 193
are comparable in the protection they afforded and are supcrior to the other
modifications. The Costa and carbon-rayon #1110 contain N-44 carbon whereas
thn carbon-rayon #1148 and #176 contain U-182 carbon and the carbon-rayon
/1191 contains PCI carbon. It appears, thurefore, that N-h4 carbon is infer-
ior to the other two in the protection it affords in carbon-rayon cloth.
The N-182 and the PCI carbons appear to b- comparable sinec the carbon con-
tent and weave of the carbon-rayon 111'76 and 191 are essentially the same.

22. The effect of the amount of carbon in the carbon-rayon fiber on

the protection given can be soon from the results of three of the tests wJith
carbon-rayon cloths which differ only in the percent of carbon prescnt in
the fiber. The data are summarized in Table VI.

Table VI

Effect of Percent Carbon in Carbon-Rayon Fiber

Carbon-Rayon % Carbon in No. of Exp. Total CT
TypO Rayon Fiber Tolerated* Tolerated

...176 3! 4.5+ lbO0+
193 28 4.9+ 11760+
166 22 2.0+ 4800+

*Sec Table V.
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From the results given in Table VI it appears that a carbon content of 28%
or more gives essentially the same protection but that somewhere between
28% and 22% the protection begins to drop off. For mechanical reasons it
would be desirable to have the smallest amount of carbon in the fiber and
still retain maximuiz protection.

23. Table VII is a summary of the analytical data obtained in the
carbon-rayon tests. Table VIII presents the H "pick-up" rate of the various
cloths as measured by the NaOCl method only. These values were obtained
from plots of the data presented In Table VII assuming a linear relationship
between "pick-up" and number of exposures.

Table VII

Carbon-Rayon Cloth - Analytical Data

Average Total "Pick-up" in yH/cm. 2 - NaOCl Method Unless Marked.

Cloth CT of Exposuro Number
Iodification Exp. 1 3 4 -5 5 7 6 " 10 iT I-"

Costa 1200 - 30 71 - - 94
110 1200 8 22 24 38 42 39
148 1200 21 26 34 73 73 76 83 99 109 112 114 155
148, 1200 13 24 33 61 57 70 69 88 100 71 89 75
176 2400 - 64 - 147
191 2400 - 71 - 132
193 21400 - 61 - 142
166 2400 29 55
1761,-* 2400 27 57

* DB-3 Method on samples taken at the same ti~e and from the same suits
as those used for the NaOCM Method.

i,; Same test as carbon-rayon #166. Samples removed from other pocket.

Table VIII

Carbon-Rayon Cloths - H "Pick-up" Rate

" Cloth CT of Exp. y iVcm, 2 /cxp. y c/am. 2 /1200 CT
Modification

Costa 1200 17 17
110 1200 9 9
148 1200 13 (11*) 13 (I*)
176 2400 35 (30**,,) 18 (15**)
191 2400 35 18
193 2400 35 18
166 2400 30 15

* DB-3 Method.
ia'- From carbon-rayon #166 test.
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24. From the data in previou' tables it can be seen that, with the
exception of carbon-rayon #110 and S-38 carbon-coated cloths, the "pick-
up" per unit CT is fairly constant. Therefore, it is obvious that no def-
inite relationship exists between "pick-up" and protection given. The
slightly lower values obtained by the DB-3 method for the carbon-rayon #148
are probably due to gradual hydrolysis of the agent on the cloth during the
test. It is rather surprising that the "pick-up" of the carbon-rayon #176
and #166 are the same considering the difference in carbon content of the
two cloths.

(4) Desorption Tests

25. Two suits from the 1-layer Costa-rayon test were put on by new men
immediately after they were "broken". After 3 days of wear one man had
vesication of the neck and scrotum; the other man had no significant burns
after 5 days of wear. (See Table XVII in the Appendix). The 8 suits from
the carbon-rayon #148 test were all tested for desorption by the same method.
After 3 days of wear the men averaged a moderate erythema for the maximum
reading (see Table XXI in the Appendix). It is obvious that a significant
degree of desorption occurred from the suits which had been "broken" under
the test conditions used. Chemical tests (unpublished data) have shown
that the leakage of H vapor through a good type of carbon cloth is negli-
gible, so that the burns sustained in a regular "man-break" test result
largely from desorption rather than leakage. This desorption represents
one of the disadvantages of carbon cloth over chemically impregnated pro-
tective cloth.

(5) Test with HN-l

26. One of the advantages of carbon cloth over CC-2 impregnated cloth
is the much greater protection it may afford against vesicants in general.
NRL Report No. P-2464 gives data obtained in the arm chamber demonstrating
this advantage. In order to obtain data in the large chamber a 1-1/2 layer
test was run using M-l at a CT of 2000 (60 min.) and carbon-rayon #110
suits. At the end of the test samples from all the suits were analysed for
HN-I "pick-up" by the AgNO3 methodi The results are summarized in Table IX.
More complete data are given in Tables X-XVI and XXVII in the Appendix.

Table IX

Carbon-Rayon #110 - Test with HN-1

No. of No. of Av. No. of Exp. Av. Total
lien "Breaks" Tolerated CT Tolerated YHN-I/cm.2/ep

6 5 5.0+ 10,000+ 77

27. From Tables V and IX it can be seen that carbon-rayon #110 gave
protection against HN-1 at a total CT of 10,000+ and against H at a total
CT of 6360. CC-2 impregnated suits (25% binder) protect against 7320+ CT
of H under comparable conditions of testing, whereas, in a test with HN-1
under summer conditions, CC-2 suits did not give adequate protection at
OT 100.
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28. The abnormally high "pick-upi" of HN-l in this test is to be
noted. It was found in arm chamber tests (see NRL Report No. P-2464)
that the "pick-up" of HN-l or HN-3 was higher than the "pick-up" of H.
No satisfactory explanation has been found for this phenomenon.

0. General Discussion

29. Many factors must be considered in a comparison of carbon cloth-
ing and CC-2 impregnated clothing. Direct comparisons are not always pos-
sible since the mechanism of protection is different. A few of the advan-
tages and disadvantages of each are presented below.

30. The much greater protection afforded against MN-l by carbon-rayon
cloth than by CC-2 cloth has been demonstrated. This property of carbon
cloth, its ability to protect against vesicant agents other than H, is
one of its most promising features. Even against H, the protection afi-
forded by carbon-.rayon #148 in a standard 1-1/2 layer "man-break" test
at CT 1200 was 10.5+ exposures, whereas for CC-2 clothing the average was
6.1+ exposures.

31. A strict comparison of the protection on a total CT of exposure
basis cannot be made between carbon cloth and CC-2 impregnated cloth
since it has been shown (see NRL Report No. P-2528) that the protection
afforded by new C0-2 impregnated clothing is more a function of the time
of exposure than the CT of exposure. A comparison of the results obtained
with carbon-rayon #148 and #176 (which are essentially the same) indicate
that the total CT of exposure is more important than the time of exposure
in the protection afforded by carbon cloth.

32. It vws pointed out in NRL Report No. P-2603 that, due to the
unusual leakage characteristics of CC-2 cloth, the individual "breaks"
in any given "man-break" test occur over a vride number of exposures. As
can be seen in Table XXVII in the Appendix, this is not true for carbon
clothing, since the "ibreaks" in any given test are grouped closely. Fur-
thermore, while the "breaks" with CC-2 clothing arc usually gradual, the
"breaks" with carbon clothing are more abrupt. It appears, therefore,
that since new carbon cloth does not show leakage as measured chemically,
a fairly definite loading of agent must be obtained on any given type of
carbon cloth before desorption becomes important. The dosorption of agent
is one of the disadvantages of carbon cloth, since a contaminated garment
remains a potential hazard for some time.

A . A further disadvantage of carbon clothing is that the carbon may
be poisoned by a number of substances, thus Oecreasing its protective value.
For example, as shown in NRL Report No. P-2604, oil, 3-330 Protective Oint-
ment and water all have a deleterious effect on carbon clothing. In the
test worith carbon-rayon #148 described in the present report five of the
original eight men had to be removed from the test due to neck burns be-
cause ointment was used in the test (see Table XX in the Appendix).

34. A comparison of carbon and CC-2 clothing in regard to such factors
as ease of regeneration, reimpregnation, laundering, wearing life, etc.,
will be presented in other reports on carbon clothing now in process of
preparation.
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ST•MRY AND CONCLUSIONS

10 Chamber tests with H and HN-I have been conducted to evaluate
the protection afforded by new carbon clothing. Three types of carbon
clothing were studied, coated, impregnated and carbon-rayon. Samples from
the clothing were analyzed during the tests to determine agent "pick-up".

20 Model S-38 carbon-coated cloth gave protection comparable to
CC-2 impregnated cloth, i.e., 6.0 vs. 6.1+ exposures, respectively.

Three modifications of carbon impregnated cloth were tested
against H. Of these, the casein system gave protection for 7.1+ standard
exposures, the Methocel system for 3.7+ and the improved casein system
for 2.0. The improved casein cloth was softer than the original casein
cloth but contained insufficient carbon to give comparable protection.

4., Seven modifications of carbon-rayon cloth were tested against
H in the chamber. Of these, carbon-rayon #148, 176, 191 and 193 gave com-
parable protection (10500-12600 CT). This was considerably better than that
given by the other types of carbon cloth or CC-2 impregnated cloth. From
the test with carbon-rayon cloth the following conclusions were drawn:

(a) The total CT of exposure was more important in the pro-
tection afforded by new carbon cloth than the time of exposure.

(b) Carbon-rayon cloth containing N-182 carbon gave greater
protection than cloth containing N-44 carbon. Cloth containing PCI carbon
gave protection comparable to that containing N-182 carbon.

(c) In carbon-rayon cloths which differ only in the percent
of carbon in the fiber, those with 28% and 32% carbon gave the same degree
of protection while one containing 22% carbon gave considerably less pro-
tection. A carbon content of 28% or less therefore, would be the most
desirable, since greater wearing life can be obtained with a lower carbon
content.

The individual "breaks" in given tests with carbon clothing
were abrupt and grouped closely together. This was in contrast to the
"breaks" observed with CC-2 impregnated clothing which were gradual and in
any one test range over a considerable number of exposures.

6a Two modifications of carbon-rayon cloth were tested for desorp-
tion by wear only immediately after they were "broken" in the standard "man-
break" tests. Significant burns resulted in both tests, showing that vapor
contaminated carbon cloth garments presented a potential hazard even when
no further exposures were given.

SResults of analyses for agent "pick-up?' of samples taken from
suits during and after chamber tests showed no correlation with the pro-
tection given. The H "pick-up" for all the carbon cloths except carbon-
coated S-38 and carbon-rayon #120 ranged from 12 - 18 Y /cm. 2/1200 CT.
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A large chamber "man-break" test on carbon-rayon #110 was
carried cut using HN-1 at CT 2000 (60 min.). An average of 5.0+ exposures
was tolerated. Against H, carbon-rayon #110 gave protection for 5.3 ex-
posures at CT 1200 each.

91 The loss in protection given by carbon clothing as the result

of wear and other factors will be presented in later reports.

REM.-IENDATIONS

1A It is recommended that the better types of new carbon-rayon
cloths (#148, 176, 191, 193) be considerod as superior to standard now
CC-2 impregnated cloth (25% binder) in the protection afforded against
H vapor.

ZAIt is recommended that new carbon-rayon cloths be considered
as giving good protection against HN-1 vapor and therefore as being much
superior to CC-2 impregnated cloth in this respect.
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APPENDIX

Table X

Legend - Physiological Readings

Symbol Reaction

0 No Reaction

E-? Trace

E- Mild Erythema

EO Modorate Erythcma

E Intense Erythema

E+ Papular Erythema

NPV Numerous Pin-point Vesicles

V Vesicle

N'V Numerous Vesicles
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Table XI

Legend - Body Areas

Abbr. Area Abbr. Area

aaf anterior axillary folds lIo lateral neck

aar anterior arms lth late.-al thorax

abd abdomen lum lumbar region

af axillary folds no neck

ale anterior legs oint area covered by ointment

ane anterior neck paf posterior axillary folds

ar arms par posterior arms

ash anterior shoulders pen penis

athi anterior thighs ple posterior legs

ax axillae pnc posterior neck

bt buttocks pop popliteal fossac

C7 7th cervicular region psh posterior shoulders

cf cubital fossae pthi posterior thighs

cl clavicles sc scapulae

dh dorsum of hands scr scrotum

dth dorsal thorax sh shoulders

el elbows st upper sternum

fa forearms th thorax

igf intergluteal folds thi thighs

il iliac crest umar upper medial arms

ing inguinal region vth ventral thorax

IMI knees wr wrists

lo legs

CONFIDEITIAL



Table XTI

Carbon Coated (S-38)

Conditions: H at CT 1200 (60 min.); 901F., 65%R.H.
1-1/2 layer (CC-2 impregniated shorts).

Dato Startod: 7/3/45

No. of Exposures Readings (Hours After Last Exposure)
Tolerated Z4Lt

7 E ne, ash, ot E-i ane, The
H0 st,psh,sc,dth H shpaar,cf~pne~so,dth

H0 st,fa,dh,vmr,ax,kn

6 E aar,psh E anoJlnc,sh,so,of,af,dth
H0 ne,st,ash~cf,af~ax, EO ax,lth,vth,athi,1kisalo,pop

th,kn,ol,sc,pop

H nc,cf,paff,psh,C7 ,sco, H ne,sh,aar,ef,ax,sc,pop
POP El st,cl,af,vth,kn,01,C75dth,

EO st,ol,ash,aarjax, pthi
kn,dth

6 H ane,psh,so H ne,st,cf,psh,sc,dth
H0 st,ol,cf,kn,pno,The, H0 ash,dh,wr,lth,athi,kri,ale,

01,C7 ,dth,pop C7,POP

5 E dth E dth
H0 no,st,of,pop E~nc,st,cf,RtX,kn~O1,pop

7 V ane H anc,1ne,sb,rch,umar,cf,lth,
H sh,cf,paf,so,dth Im,paf,sc,dth
E0 2jm,umar,lth,vth, EO fa,dh,wr,athi,ac~1,pnc~ol,pop

athi,kn,alo

6 H cf E ef,psh,ac:,dth,pop
EO kn EO ne~st..athi~kn,ale

Av. 6.0o
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Table XIII

CaIrbon Imprognatod_(Casein Method)

Conditions: H at CT 1200 (60 mntn); 900 F*, 65% R.H.
1-1/2 layer (CC.-2 impregnat-ed shorts).

Date Started: 3/20/45

No. of Excposures Readings (Hours After Last LISPRosure)
Tolerated 24 4

8E sh,ac,dth E sh,uiar#,aar~of,ax,1th,kcn1
EO ane,st,cf,anx~lth,kn, paf,cl,sc,dth,lurn,pop

. pop E' ano,st,athi,lc

8E ano~ax,paf,psh,C75 sc, E ano,ax,panf,psh,C7 ,sc,dth
dth E* lrio,cf,kn,le,pthi,pop

7 E ancoax~paf,psh,so,dth E ano~urnar,cf',ax,lth,pnc,paf',
EO lnG,ash,ef,lth,athi, pah C7,sc,dth

* knalo;pncIelsC7 spoP E' st~lno,ash,aar,fa,dh,wvr,
.athi,kn,alc,pop

6 E ax,psh,sc E nx,paf,psh,sc,dth
EO anc,lth,par,dth E* ano,ash~aar,cf,pnc,O7

7 E psh~sc,dth 11 cf,pnff,psh,sc,dth
E0 of,pio,pa-f~,C 7,1u E0-, arte,atshjaacr~urnarraxjkn~pne,

elC 7,lun,pop

7 E psh~sc,dth E ancipaf,pshsco,dth
EO nc-,st,ax,kn E' lne,,st~cf,aix,athi,kni,alo~pno

7* BO psh~sc,dth E psh,sc,dth
EOne,ax

Av. 7.1+

*In this and nil subsequent tables, denotes man vdt dran from test

for reasons other than a libren~kit.
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Table XIV,

Carbon Impregnated _(Improved Casoin Method)

Conditions: H at CT 1200 (60 min.); 901F., 65% R.H.
1-1/2 layer (00-2 impregnated shorts).

Date Started: 9/27/45

No. of' Exbposures Readings (Hours After Last Exposure)
Tolerated i2Lý 46t

2 E cf,thi,1ai,lc,pon,paf,psh, E sh,cf',ax,thl,-,hi,kn,aýle,pop
sc,dth EO ne,st (72 hours.)

E0 ncjst,ash,aar,:Lth,vth#
abd

2 E thi,kn,lo,pop E thi,kni,le,pop
EO psh,sc,dth E' ~ash,cf' (72 hour's)

2 E cf~po~h,par E sh,aar,cf',lth,paf'
EO nc,st,avnr,sc,dth E' no,st,uc,dth (72 hours)

2 E psh E psh
BO nesstpashoaarscf, El ne,st,sc,dth (72 h~urs)

so ,dth

1. E pthi,pop,plo E thi,kn,lc,pop,pnu
El no,stoathi,kn,alcj E' anQo,lne,st

3 E sh,ar,of,fa.i.thi,kn, E+ý cf
alo,paf,ol,sc,dth Z' sh,ar, fa,ax,thi. kn,lu, pop,

E' lth,vth,pnc,pthi, ptaf'Sc
pop'plC E' ne,st

2 B sh,aar,cf,thi,kn,2.c, E sh,aar,cf',th,abd,thi,kn,lo,
pop,sc,cith popjpaf',8C

El nc,st,lth,vth,abd, E0 pna,par~o11C7 (72 hours)
par, o

2 E Rrt,lo-,pthi,pop E thi,kn,lo~pop
EO nc,st E0 psh,sc

Avj , 20

CONFIDINTIAL



Table XV

Carbon Impregnated (Methocel)

Conditions: H at CT 1200 (60 muin.); 900F, 65% R.H.
1-1/2 layer (00-2 impregnated shorts).

Date Started: 7/6/4.5

No. of Exposures Readings (Hours After last Exposure)

Toleratod L 4

4 E no,sh,se~dth E+ Anc,lne
BEstc0  k, E sh~cf,pno,paf,sc,dthst~f~n, 7  EO st,aar,fa,kn,C 7

3 E psh,sc E ano,lne~stb,vrr,psh,sc,dth
El no,st,1an E' athi,kn,le,phu

4*El ane,pne~paf~psh,se, E sc,dth
dth EO no,st~sh,cf,C?

4E ne,athi~kn,psh,so E+ ano,lne
EO st,ash,lo,dth,pthi, E athi..kn,ale.opne,psh,sc

POP EO ash,dh,wr,c.1,C' 1 ',pthi,pop,ple

4E psh,sc E '"no,lne,psh,sc,dth
El no,q'.sh~dth EO ash~cf,athi,kn,lc,pnoIC 7

4 E psh~sc,dth B pne~psh,so,dth
E*0C7  E0

7

3 E nobst,psh,so E+ ano,lno
EO ash,aar,cf,lm,01,C7  E umn1r~cf,wr,lth,pnc,psh,paf,

sc,dth
El st,ash,aar,dh,athi,kni,alo,

pa r, c

Av. 3,7+
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Table XVI

Costa Carbon-Rayon Cloth

Conditions: H at CT 1200 (60 min,); 90 0 F, 65% R.H.
1 layer (plain shorts) - Ointment used on neck.

Date Started: 5/2/44

No. of Exposures Roadings (Hours After Last Exposure)
Tolerated 24 40

6 (A) E aaf,vth,ing,scrthi E vth,ing,thi
E° aaflum.scr,bt

6E sor E scr
E° bt,thi,le E' ne,thiknbtle

6 (B) E nescr,bt B scr,bt
E° of EV nocf

6E ser E' scr
BO bt

Av. 6

Note: To determine the effects of desorption, suits (A) and (B) were
put on immediately after they wore ibroken" and wore worn coh-
tinuously by new men. No further exposures were given.
(See Table XVII).
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Table XVII

Test for Desorption from Exposed Costa Rayon Suits

(See Table XVI)

Conditions: Wear only1 no exposure.
1 Layer.

Date Started: 5/8/h4

Readings and Remarks

Days Suit A (6 Exp.) Suit B (6 abp.)

I El lne No readings EO or greater

2 E no No readings B0 or greater

3 NPV scrlno. (Romoved E, cl
from test.)

4 No readings E0 or greater

5 No readings E0 or greater
(Removed from test.)
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Table XVIII

Costa Carbon-Rayon Cloth

Conditions: H at CT 1200 (60 min.); 90'F, 65% R.H.
1-1/2 layor (00-2 imprognatod' shorts) - Ointment used on neck.

Date Started: 5/16/44

No. of Bxposuri... Readings (Hours After Last Exposure)
Tolerated 24 _

8* E ne (oint.?) E pn:
E° sc, scr EO an(,Inc•scrse

8 E dth,sc,pno E oc,dth
jEO ith

3 Bsc E so
E° scr,dth,ne E0 nuscr

? E l'lno,sc E ncso,kn
E0 dth,pop~cfnc E° of,pop

Av. 6.5+
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Table XIX

Carbon Rayon #110

Conditions: H at CT 1200 (60 min.); 90 0 F., 65% R.H.
1-1/2 layer (CC-2 imprognatod shorts) - Ointment used on neck.

Date Started: 5/16/44

No. of Exposures Readings (Hours After Last Exposure)
Toleratod 24 -

6 E aaf,ash,ax,knsc,dth E+ ne
E* cfscr,pon E ash,dth,paf

6 E aafcf,ashscr E sh,aafI scrsc,dth,pop,kn
E0 se, dth E' nu

6 E+ scr E srr
E' ash,aaf,pensc,dth, E0 L1:hbr,• .th

thi,le

6 E ax,dth Z+ sE' ar E dthl

E° sncf,scr,pop,lp

Av. 6.o

Date Started: 11/7/44

3 E sh,cl,aar E nest,cl,sh,aar,sc,dth
E0 dth,pno,el

E ash,cf,sc E sh,aaf,sc
E0 psh,lum,pop E' ax,pne,lum

Av. 4.0

Total Av. 5.3
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Table XX

Carbon Rayon #148

Conditions: H at CT 1200 (60 mA.); 90 0F, 65% R.H.

1-1/2 layer (CC-2 impregnated shorts) - Ointment used on neck.

Date Startod: 10/31/44

No. of Ecposures Readings (Hours After Last Exposure)
Tolerated 24 4U

6* E oint. (not included NV oint.
in av.)

EO sh

12- E oint. (Severe E oint. (conjunctivitis)
c-E unctivitis) E pps, sc,dth

EO sh,sc,dth

9E lum E lur
El ne El no

8* EO Oint., lun E cint., lum (conjunctivitis)
.(o33vre oonjuncti-
vitis, not included
in av.)

12* E oint. (laryngitis, E° oint. (laryngitis,
c o-n-unctivitis ) -co-n-unctivit is)

6* E oint. (not included NV pno
in av.) E oint.

E° dh,wr

6* E oint. (not included E oint.
in av.)

9 E lur E lurn,ne
EO no

Av. 10.5+

Note: Several. of the men above wore withdrawn due to neck burns. It was
demonstrated later that the use of ointment with carbon clothing decreases
the protuction due to increased desorption of H. Therefore, those men are
not included in the average. Aftcr the fifth exposure, CC-2 impregnated
collars woro seon into the suits to prevent further burns from dosorption.
In all subsequent exposures, no ointment was used and a CC-2 impregnated
hood was worn during exposure in addition to the regular hood.
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Table XXI

Test for Desorption from Carbon Rayon #148

(See Table XX)

Conditions: Wear only, no exposuresb 3 days continuous wear.
1-1/2 layer (GC-2 impregnated shorts.)

Tests started on day each suit vas "broken" in chamber exposures.

No. of Previous Readings (Hours After 3 Days Wear)
Exposures

in Chamber 0 24 48

6 EO face 'E, face ER face

12 E so EO facenost E psh,sc
EO face,no,st, psh,sc E0 ne,st,pthi

psh

9 EO face E° face,nest EO faco,no,psh

8 El facc,ne,st No further readings available

12 No readings E° or greater El ne,st,cl

6 E pne E pne El faco,no,st
EO face Eo face,ano,

Le, st

6 No readings EO or gruator

9 EO face Ed faco,ne, E0 face
st,psh
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Table XXII

Carbon Rayon #176

Conditions: H at CT 24L00 (60 min.); 900F, 65% LB..
1-1/2" layers (C'O-2 impregnated shorts)

Date Started: 6/26/45

ND. of Exposures Readings (Hourw after Last bposuro)
Tolerated 2________________ 40_________

5 E sh~uxnar,cf,ivr~dh,vth, E nesstjsiiar,Vr,dh,th,thi,
thi,kn~lc,pno,pnf,par, k-n,le~paf,ol,SC,pop
el,sc,dth,pop

E0 ane,The,st

4 E psh,sc~dth E+ ano~lne,st
E0 ne,st,par,ol E sh~ar~fa~wr~dh,lth~thi,kn,

le,pnepol~sc,dth,pop

5 E psh~par,ol,se~dth E ano~lne~st~cfjwr,th,paf,
E' ine,lna,dh,wr psh,par,sc.dth

EO ash,thi,kn,le,pop

5 E psh,sc,dth E psh,sc,dth
E0 wr,kn E0 ne~st,ash,cf~fa,ivr,thj.,

]n, le pop

5- E' nn,vrr,dh,thii,kn,psh, E pthi,pop~ple
par.0l,sc,pop~plo B0 ne,st,psh,sc,dth

4 F, sc E pif,psh,sc,dth
1"O psh,dth E0 no,ash,ar,thi,pop~ple

4 E monrcT,psh~sc E+ ano,lne
El prtr,Ql,C7 ,dth E psh,sc,dth

E" ash~athi,kr.,alo~pne

4 E psh,sc,dth E pne,psh..sc,dth
E' ne,st Ei0 ano~lne~st,dh,wr,athi,kn

AV 4. b5+
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Table XXIII

Carbon Ra~yon #191 (pCI marbon)

Conditions: H ait CT 2400 (60 mn. )j 90 0 F, 65% R.H.
1-1/2 layer' (CC-2 irnprognat~od shorts)

Dante Started: 6/26/5

No. of Exposures RoacUingu (Hours .Aftor Las~t Exposure
Tolerated?40

5E so E ne,st.1kn,paf~psh~scjdth
EO ]kn,psh EO ash,aar,cf,dh~wr,athi,aio,pop

5 ~ E sh,thi,kni,pno~par~el, E no,st,sh,cf~kn,paf~so~dth,pthi,
07 ,so,dth,pop,pie pop'piG

Ea ane,ino,st,umarxdhs EO aar,dh,v~ralth~vth,abd,athi,
wr,aio,paf ale~par~ci

3 H psh,se~dth E pno~psh,sc~dth
EO no,st~of~fA,cih,wr V~ meone,nst,cf,dh,wr,pthi,pop

5E knDpsh,sc,dthi~pthi5 E sh,ar,cf,wr,lth,thI~kn,le,paf,
EO ash,ar,cfIathi,ie, sc,clth~pop

OlsC7,POP V0 ano,lne,dh,el

E psh,oc,dth E a~nc,inessh~aar~of,af,lth,sc,dth
BO ash,aar,cf,pna B0 vth,thi,kn,par,el,pop~plo

E lai,psh,sc~dth E sh,uinar,cf,dh,vrr,lth,thi, le,
E' ash,thi,pnoQ 7,POP, aie,pnc,paf~sc,dth

ple r0 anes1na,st,popiplo

5 sh, thi, kn, pne,sc, E sh, umar, athi,kn, pne, paf,
dth, pop, pie par, el, so, dth

E* ane, lne, aar, of, E* ane, mne, st,aar, cf, dh.
dh, wi', ith, ale, wr, ie, pthi. pop
pafD par, el

Av. 4.4E
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Table XXIIV

Carbon Rayon #193 (28% Carbon)

Conditions: H at CT 2400 (60 min.); 900F, 65% R.H.
.1-1/2 layers (CC-2 impregnated shorts)

Date Started: 6/26/45

No.* of Exposures Readings (Hours After Last Excposure)
Tolerated 24 0d

5 E sh,wr~kn,pno~paf~sc, E ne,st'sh~umar,wr~thi,k~n,le
dth,pthi ,pop,ple sc..dth,pop

EO ane,3,nc,st~dth,athi, EO dh,paf
ale

5 E ne~st,psh,sc,dth E pne,psh,se,dth
EO ash,cf,dh,wn',athi, EO ane,lne,st,c~f,dh,m-,athi,

kn,ale,par,el kn 1 1e~par~al

5 E ano~iwr~athiIkn,pno, E no,st,sh~umar~dlh,wr,a-,%ýh.i,
psh,sc,dth kn,ctle,sc,dth

EO st,lne~dh,lo,parsel, E0 paf~el,pthi,pop,plo
pthi ~pop

54 E0 dh~wr,athi,kn,alo~pno, E pne
psh,par~ol,sc,dth E0  nntcl ~rti

pai',psh~par,Ol,Sc,dt.t y,:-op

5 E ne,st,sh~par,Sc,dth E nc,s8t,sh,cf,wr,paf,seAc-!ý
1,0 nar,cf~dh,-,r,athi, E' umar,athi~kn,alo

kn~,alc, fJ.

4 Vyear V car
1E ne E+ nno,lnc
E0O psh,se~dth E pne,psh,sc~dth

EO aar,cdh,vjr,athi,kn

5 E, pne,psh,sc~dth E no,kn,psh,sc~dth
Ec) ane,lne,st~wr,dh, E* a-sh,umar,cf,Nvr,thi~lc,par,

athi,kn,alo.parsol el,pop

5 E psh~sc,dth E kn~psh,sc,dth,pop
V0 ano,lne,athi.kn E0 noest,thi,le

Av. 4.9+
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Tablo XXV

Carbon Rayon #166 (22% Carbon) - Shoulder Patch Test

Conditions: H at CT 2400 (60 min.); 90 0F, 65% R.H.
1-1/2 layer (CC-2 impregnated shorts)
Rayon #166 patch on left shoulder scapula and dorsal

thorax of a Rayon #176 suit.

Da.te Started: 8/21/45

No. of Exposures Readings (Hours After Last Exposure)
Tolerated __L _ ... . .0

2 E left psh,so,dth E left psh,sc,dth
EO right psh,scldth E° right psh,sc,dth
E° ne,otathi,kn,ale E0.no,st,ash,aar,cfthikn,

lepop

2 E left psh,sc,dth E left psh,sc,dth
E° ano,lne,st EB ano,lne,st

2 E left psh,sc,dth E left psh,scdth
E° cf,pne

2* EO left psh,scdth E' loft pshsc,dth
EB kn,pne EO pno

Av. 2.0+
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Table XXVI

Carbon Rayon #110

Conditions: IN-I at CT 2000 (60 ridn.); 90Fr, 65% n.II.
1-1/2 layer (Carbon Rayon i4h3. shorts, improvised

carbon coated gloves and socks).

Date Startod: 8/30/144

No. of Exposures Readings (Hours After Last Ebcposure)
Toleratod 24 4 b

E sc, no E ar, sc

5* EB scr, thi, kn E no, scr
EO kn

E sh, sn E sh, sc, dth
PO scr, dih, no E' no, scr

5 pno E pno, sh
R° sc E' ano, The, sc

E, n E no, sc

EO sh

E sc E sc, dth
E' no, ar E' sh, sor

Ave 5.0+
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